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HYGROSCOPIC NON-FOGGING COATING FILM 

WITH A HIGH SURFACE HARDNESS AND 
METHOD OF FORMING SUCH COATING FILMS 

(71) We, NIPPON HYDRON CO., LTD., a corporation duly organised under 
the laws of Japan, of 8, 4-chome, Dosho-machi, Higashi-ku, Osaka-shi, Osaka-fu, 
Japan, do hereby declare the invention, for which we pray that a patent may be 
granted to us, and the method by which it is to be performed, to be particularly des- 
cribed in and by the following statement : — 

This invention relates to a resinous coating composition which forms a hygro- 
scopic non-fogging coating film with a high surface hardness and to uses of such a 
composition. 

It is considered desirable, and hitherto attempts have been made, to provide 
hygroscopic resinous coatings for the surfaces of window glass, windshields of auto- 
mobile and aircraft, doors, mirrors, spectacle lenses, goggles, optical lenses and the 
like made of glass or transparent plastics to render them non-fogging. 

However, the known hygroscopic resinous coating films do not possess sufficient 
surface hardness and, especially under high humidity, they absorb large quantities of 
moisture and swell to further decrease their surface hardness. This decrease in surface 
hardness allows them to become flawed when wiped by, e.g., hand or cloth to remove 
stains thereon and this results in an undesirable decrease in their commercial value. 
This susceptibility to scratching, can be mitigated by incorporating in the resinous 
coating a crosslinkmg agent to increase surface hardness to some extent, but incor- 
poration of the crosslinkmg agent in an amount sufficient to increase the surface hard- 
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(72) Inventors KENZO SONO and 

KYOICHI SHUKURI 

(54) RESINOUS COATING COMPOSITION FORMING A 
HYGROSCOPIC NON-FOGGING COATING FILM 

WITH A HIGH SURFACE HARDNESS AND 
METHOD OF FORMING SUCH COATING FILMS 

(71) We, NIPPON HYDRON CO., LTD., a corporation duly organised under 
the laws of Japan, of 8, 4-chome, Doshonxiachi, Higashi-ku, Osaka-shi, Osaka-fu, 
Japan, do hereby declare the invention, for which we pray that a patent may be 
gr ante d to us, and the method by which it is to be performed, to be particularly des- 
5 cribed in and by the following statement: — ' ' ~ 5 

This invention relates to a resinous coating composition which forms a hygro- 
scopic non-fogging coating film with a high surface hardness and to uses of such a 
composition. 

It is considered desirable, and hitherto attempts have been made, to provide 

10 hygroscopic resinous coatings for the surfaces of window glass, windshields of auto- io 
mobile and aircraft, doors, mirrors, spectacle lenses, goggles, optical lenses and the 
like made of glass or transparent plastics to render them non-fogging. 

However, the known hygroscopic resinous coating films do not possess sufficient 
surface hardness and, especially under high humidity, they absorb large quantities of 

15 moisture and swell to further decrease their surface hardness. This decrease in surface 15 
hardness allows them to become flawed when wiped by, e.g., hand or cloth to remove 
stains thereon and this results in an undesirable decrease in their commercial value. 
This susceptibility to scratching, can be mitigated by incorporating in the resinous 
coating a crossl inking agent to increase surface hardness to some extent, but incor- 

20 po ration of the crossl inking agent in an amount sufficient to increase the surface hard- 20 
ness to a satisfactory level causes a decrease in non-fogging property. It has been a 
problem, therefor, to sufficiently enhance the surface hardness of the resinous coating 
without sacrificing the non-fogging characteristics. 

In accordance with one aspect of the present invention, a resinous coating com- 

25 position forming a hygroscopic non-fogging coating film having a high surface hard- 25 

ness is provided comprising a hydroscopic resin which is a polymer or co-polymer of 
at least one hydrophjiic monomer chosen from hydroxy-lower alkyl acrylates, hydroxy- 
lower alkyl methacrylates, hydroxy-lower alkoxy lower alkyl acrylates and hydroxy- 
lower alkoxy lower alkyl methacrylates incorporated with (a) 5 to 60% by weight, 

30 based on the weight of the resin solid, of a surface active agent and (b) 5 to 70% by 30 
equivalent, based on the equivalent of the resin solid, of a CTosslinking agent in which 
at least 80% of the functional groups are of the same kind, and having a single- or 
condensed-ring carbo cyclic or heterocyclic skeleton, each ring being a 4- to 8-mem- 
bered ring and the number of atoms forming the straight rhain linkage between said 

35 ring and the reaction point with the resin of the crosslinking agent being at most 4 35 

inclusive of the atom on said resin at the reaction point. 
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_ .. A „ ccor f n S to a further aspect of the invention there is provided a method of 
^compS: C ° P1C kydt ° PhiliC reSin ° US havin S a fflf—toi fi5ne£ 

5 conoW^S^Lr^ 0 W C ?S n t0 a desired resi n being a polymer or 

SZ„J SJS 1 !?™? ^^P^ 0 m ° nomer chosen from hydroxy-lower Slkylacrylf 5 
SSSSSSrfSJS? ^^^bydroxy-lower alkoxy Walkyl acryhtes^d 
^^ y u ? alkoxy-lower alkyl methacrylates incorporated with CO 5 to 60^ bv 

fn^-t^ a Surface active chosen Cinon4onic surfaS 

10 SSg^ JtreS£e C SennS; ^ to a ^ »* a cross 

tainiS ES^^nS?*^ °L the m ? ulded ""i* ™& a solution or vapour con- 10 
laming both, or the other of, the catalyst and cross-linking agent until ft or thev 

K rrom 3? frf ^ !f d has , or 113 " e a concentration herein graSly 
"tick r^uhtor^ t» % am ^f towa F* * e Verier; at least the surfL of &e 

S% I 5u3nXef aSCnt * " 3,11011111 ° f 5 15 

c) then heat curing the article. 

a nH St™ S specification, including the claims, the term lower" when applied to alkvl 
and alkoxy groups is intended to mean up to and including 4 carbon atomT 

A non-fogging coating film can be obtained by applvine a resinous rnTri— 
position of the invention to a substrate and contacting ^rlsul&^t^ r ffl g ™>h 20 
rhvd^nS? 5 ' " T "W* a crosshnking s^Tne SSI tf T<L^ g 

25 &^^^^^^^s^^ss!rS& 

STS?nS C ° almg ^J* abs ° rbed ^ * e Ksiliency of the interior of rtTfita J ° 
_l^^L^ SSUie mparted i t0 - vidnit y of * e surface of the fi£X for smaUer 
™ r £, Pressure actually imposed, in this way the coating fibT may^xhS I 

35 rftihSS-iST ^^t^?^ ^ ^ P«di<*~ from the m^fcal rigidit? 

b^gfeSg-dM a hydropbiIic ^ss^ 

40 pany^dLwSs ^ ^ be ^ deSCribed ^ ref — to the accom- 

—„3 g * 1 fe 3 ^ a Pb showing the relationship between the amount of a crosslinldnp 
* "sST 181 311,1 T faCe hardness ° f a resin °^ coltmg film foS* g 

*~% 2 £S££E2SLr" an "** °° ated ^ a co * posidon - accord - 

ma wf^ f t °u 5 -, ar t tne cross r sec tional views for fllustrating the steps of a method of 
niakmg hydrophflic hygroscopic articles in accordance with the pS invention and 
a _ t F |- 6 18 a graph showing die relationship between the amounTof T5SSiSS 
^ CrS 1 c^Im 6 2°5- f ° g ^ g pr °f e «y of a mating fiCformeA g 
a^JS^^^ 811 ^. 1 ^^ ac, 7 late methalrylate polymers are— 

65 ^ctional groups in a crosslinking agent which should take part in crosslinks- with 

« a hygroscopc resin during crossliiiking reaction step ^ P ^r^^f^^ 65 
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compounds in a resinous coating film. The plasticizer compounds if formed by the 
self-condensing reaction retard absorption of moisture by the resin and impair its 
non-fogging property or reduce the hardness of the resins. Thus, the cxosshnking 
agent should have a low tendency to self-condensation, in our compositions this is 
achieved by using cross-linking agents in which at least 80%, preferably at least 90% 5 
of functional groups are of the same kind. 

It has been found that, among crosslinking agents having a linear or cyclic 
skeleton, those having cyclic skeletons provide a harder crosslinked resin; moreover, 
although there are compounds having a 3-membered ring or larger membered ring, 
those having a single- or condensed-ring carbocyclic or heterocyclic skeleton wherein 10 
each ring is a 4- to 8-membered ring have been found to give the best results. 3- 
membered ring compounds are considered unsuitable from a practical point of view 
because it is difficult to introduce therein functional groups in a sufficient number for 
crosslinking, while, on the other hand, the free deformation of the ring structure of 
9- or larger-membered ring compounds reduces the extent to which cross-linking will 15 
suppress swelling of the resin upon absorption of moisture and prevent the coating 
film from becoming soft. a 

A coating film of a hygroscopic resin swells as it absorbs moisture, and the larger 
the degree of swelling of the coating film the softer the coating film becomes. It has 
been found, therefore, that the number of interatomic links which contribute to the 20 
swelling and flexibility of the coating film upon moisture absorption should be taken 
into consideration as a measure of the ease of swelling of the hygroscopic resin after 
reaction with a crosslinking agent. For instance, as shown in the following equation, 
on crosslinking reaction of poly(2-hydroxyethyl methacrylate) by means of hexa- 
memoxyrnethylol rnelamine, there occurs a reaction between the functional groups 25 
( — OH) contained in the side chains of the polymer and the functional groups 
( — CH 2 — O — CH 3 ) contained in the crosslinking agent to form — C — O — linkages 
therebetween. As a result of the reaction taking place on many sides of molecular 
chains of the polymer, the polymer chains form a reticular structure through the cross- 
linking agent to form a tough coating film. Thus, the number of atoms linking the 30 
cyclic nucleus of the crosslinking agent to the hydrophilic functional group in the 
hygroscopic resin varies depending on the length of the side chain of the crosslinking 
agent, and this has an influence on the susceptability to swell and, consequently, the 
hardness of the coating film. Therefore, the tendency of the coating film to swell on 
moisture absorption can be minimiz ed by reducing the number of atoms linking the 35 
crosslinking agent nucleus and the polymer chain as far as possible to reduce the 
stretchability of the linkage. 
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The crosslinking agent should be selected on the basis of the above information 
and employed in the following amounts. The functional groups contained in a cross- 
linking agent react with the functional groups contained in a hygroscopic resin, such 
as — OH groups. Therefore, we designate the amount of a cross- jinkin g agent used 
in terms of the percentage of the chemical equivalent n umb er of the functional 
groups contained in the crosslinking agent to the chemical equivalent number deter- 
mined by the total number of the functional groups contained in monomers integrat- 
ing said resin and capable of reacting with said crosslinking agent, rather than in 
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A^LS S ?£*S \ a ° f ? 6 , cros l hnla °g a g e nt to the resin solid. For instance in 
™IJ^ J\ P 7 ?u 7d j°7 c,hyl metiiacr ykte) as a hygroscopic resin, the polymer 
ShS^J* hundred to sev ? al thousand polymerized molecules of 2-hydroxy- 

etnyl methacrylate monomer and the monomer has one functional group (—OH) per 
5 « °i^i e * Acco . rdl 1 n e 1 y' one gram molecular weight, 130 g, of the monomer is regarded 

^LfZ-^ V f &Dt Wei ^. 0f ^ P 01 ^ while > on the other hand, a gramequi- 
valent weight of a crosslinking agent employed is calculated by dividing its gram 
molecular weight by the number of functional groups per molecule, and me amoum 
oi a crosshnkmg agent used would be indicated by a % by equivalent to the hygro- 

Kl^^no 18 ? u ay i when ^ amount of a crosslmking agent used is 10% 
by equivalent, 10% of the funcnonal groups contained in the nygroscopic resin, il 
—OH groups, will disappear through the crosslinking reaction subject to all the 
funcnonal groups contained in the crosslinking agent taking part in crosslinking. On 
this «xaaon, theoretiauly it is presumed that the hygroscopicity of the resin decreases 
^ ii'S g - nygroscopiaty decreases, in practice, to a greater extent because 15 
w jc « 6 m ra ^ of mo , lsture absorption and the influence of filler. Accordingly 
LrfK^ n °l ° y t0 I elftct 3X1 appropriate crosslinking agent but also to use a 
^cf^L S ^ an adequate amount. We have found that no increase in hard- 

°?LTr a- obtau ? ed when a crosslinking agent is used in a too small amount, while 
unpaired "* ^ "* hardness is increased but the hygroscopicity is 20 

«° f itS ^l* 1 wet ting property a surface active agent incorporated in the 
fflHf S?J™T 3 funcU0 ?° f ^ckly transporting water from the surface of fie 
t0 functional groups which serve as moisture absorbing sites in the coating film. 
S* f aCUVe agent ^1° should te incorporated in a & controlled amountlsTi 25 

forth hereinafter since a slight amount of the surface active agent exerts no function 
^ J^'Ta ^P^r and. when used in a too large amount it hinders crossSng 
reaction or deteriorates adhesion between the coating film and substrate. 
*n 3 aC - ma , ny ty P es of cr ossIinking agents, such as melamine deriva- 

SSLSS Pl CS ' t»perous others, for instance in the case of partially 30 

methylated hexamefiylolmelamine as solid under the trade name "Uformit^ kn 
wSSE,? approximately 3.6 functional groups are methylated but the remaining' 2 4 
T^ 0 "? 3 are - m ^ £ orm of -° H ' -COOH or -CHO, and therefore there 
occurs self-condensanon of the crosslinking agent when a hygroscopic resin is cross- 
linked by mea ns of the "Uformite"; as a retult, the hygroscopicity of 1 toe reshi is 35 

If e^Lt? Z** "*> iD add r n > hardness refSnot so" enhanced 

^^f^w^^V 0111131 ?' ln ^ case of hexamethoxymethylolmelamine ffor 
exunpk, sold under the trade name "Sumimal M-100") in soke of it being a mela- 
mine derivative, since all of its 6 functional groups are of me same -OCH 3 form 
S? e J^* onden » t "» occurs on crosslinking and, as a result, the hygroscopicity™ 40 

^.^^^spect to the structure of crosslinking agent it has been found that, for 
instance among crosshnkmg agents having 3 carboxyl groups per molecule e.e com- 

acid having a cyclic smicture and citric acm ha^gThneal' > sttuc- 45 
tore^ these carboxyhc adds which have a cyclic structure are superior in enWine 
hardness iof coating film. Moreover, even with crosslinking agents living the samfbarif 
mSmin^^' compa ? ng P^omeUitic anhydridf Ld hexame^xylSemyM- 
50 f Underg ? u5g a . crosslinking reaction with functional groups on the side 

^fif^P 1 ? resln folecule, there are two atoms, ox^gen^ and «rbS 
iS^T d » ieact »» P. omt and the ring in case of the former while there are 3 atoms 
SHPhS ZL™ 1 * T^F* between . the tcaction point and the ring incase offie 
Jf^ r - B e crosslinking agents thus form different crosslinked structures; the 
55 harTefof ^l^-l somewhat higher temperature but fi? ach?eva£e 
hf v*Sh L ^ ^ 18 Mghe . r ^ hexamemoxymemylolmelaniine 
S tne number of atoms lying between the reaction point and ring is le™ 
V da *°S? hip ^c^ 1 the amount of orosslinking agent and the hardness of 
Hit 1 mustra , ted . in detail in Fig. 1, which shots die rXtioSh^nerween 
die amount of a crosslinking agent and the hardness of a coating film obtainedfrom 
a resm composition containing 2-hydroxyethyl methacrylate aTa hygroscopic resm 60 
Lfe^^ yblmla * ai a crosslinking agent; S lF g equT- 
valent, based on the equivalent weight of the CTOsslinkmg agent, of ttifluoroaretic 

aS^C 3 f^rlrmin^ 0 ^ 011 ^ ^ te a W as' a'iftS 

The surface hardness is determined by the following abrasion test. 65 
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Abrasion test 

A chip is prepared by cutting a commerciaUy available cotton handkerchief and 
doubling it. A test piece is fixed on to a rotary table and, after sufficiently moistening 
the speamen of a coating film by expiration, the chip is placed on the test piece, and 

!) a load of 2 Kg/cm 2 applied thereto. The rotary table is then rotated by means of a * 

driving motor at 120 r.pjn. The specimen is removed from the turn table at regular 
intervals for inspection and refixed on the table after application of sufficient moisture, 
again by expiration. This procedure is continued until noticeable scratches are formed 
on the surface of the specimen and the rotation time until the scratches are formed 

10 is taken as the index of surface hardness. 10 

As is indicated by Fig. 1, we have found generally that the hardness begins to 
rapdly increase when the amount of crosslinking agent added amount to about 
10% equivalent based on the equivalent weight of the hygroscopic resin solid and 
reaches the saturated value after the addition of approximately 60% equivalent. In 

15 many experiments on other crosslinking agents with varying structure and number of 15 

atoms contained in a stretchable linkage, in all cases, we have observed that the hard- 
ness increased suddenly when the amount of added crosslinking agent was in the 
region of 5 to 20% equivalent and that it exerted a saturated value when added in 
the amount of 50 to 70% equivalent. Thus, the amount of crosslinking agent to be 

20 incorporated in accordance with the present invention ranges from 5 to 70, preferablv 20 

15 to 40% equivalent, r J 

Based on the many experimental results as shown in Fig. 1, the amount of a 
surface active agent which should be used to obtain satisfactory hygroscopic and non- 
fogging properties has been found to be 5 to 60, preferably 15 to 40% by weight 

25 based on the weight of hygroscopic resin solid. For instance, specimens of coating 25 
films were prepared in the same composition and curing conditions as shown in Fig. 1 
using the crosslinking agent in an amount of 20% equivalent and a poly(oxyethylene) 
alkylphenyl ether-type nonionic surface active agent (Emulgen 903) in an amount of 
3 or 20% by weight. When the specimens were stored for 30 minutes in a refrigerator 

30 maintained at — 10°C and then left in a room of RJH. 60%, the surface fog dis- 30 
appeared in 10 minutes in the case of a specimen containing the surface active agent 
in an amount of 3% by weight while it disappeared within 1 minute in the case of a 
specimen containing it in an amount of 20% by weight. TTbis indicates that the surface 
active agent incorporated in the resin assists migration of moisture absorbed within 

x> the resinous coating film to enhance the substantial hygroscopic and non-fogging pro- 35 
perues of the film. 00 0 r 

Suitable crosslinking agents for use in the present are for example those having 
the following single- or condensed-ring skeletal structures; benzene, naphthalene, tri- 
azine, pyridine, quinoline, isoquinoline, imidazole or like ring, which may contain, 

40 other than carbon atoms, oxygen, phosphorus, sulfur, nitrogen or other atoms, and 40 

bears a plurality of functional groups directly or indirectly bonded thereto, and having 
a low self-condensing property and forming, on crosslinking reaction, linkages be- 
tween the cyclic skeleton and the functional group on the resin of said linkage con- 
taining at most 4 atoms including the atom of the reaction point between the skeleton 

45 and the reaction point. 45 

Particular examples of the crosslinking agents are; phthalic acid, isophthalic acid, 
terephthalic acid, trimellitic acid, pyromellitic acid, dimethylphthalic acid, dimethyl- 
terephthalic acid, naphthalic acid, naphthalenetetracarboxylic acid, dime thoxy quin one, 
perathol, camphoric acid, ceridonic acid, anhydromethylene citric acid, cinchomeronic 

50 acid, isocmchomeronic acid, pyrazmedicarboxylic acid, quinolinic acid, limethine, 50 

mechonine, coridardine, coridine, erypthone, hexaalkoxymeraylolmelaxnines, e.g. hexa- 
memoxymemylolmelamine, hexaemoxymemylolmelarnine and hexabutoxymethyiol- 
melamine; tetraalkoxymemylolbenzoguanarnines and a cetoguan amines e.g. tetra- 
memoxymethylolbenzogiTanarnine, tetrabu toxymethylolb erizoguanamine and tetra- 

55 methoxymethylol aceto-guan amine; and anhydrides and chlorides of such acids. 55 

We have obtained good results by using as the surface active agent anionic sur- 
face active agents of poly(oxyethylene) type and anionic surface active agents. The non- 
ionic surface active agent of poly(oxyetnylene) type includes : poly(oxyethylene) lauryl 
ether and like po!y(oxyethylene) alkyl ethers 

60 R — CXCHzCHzOXH, 60 

poly(oxythylene) nonylphenyl ether and like poly(oxyethylene) alkylaryl ethers 
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R— °( CH 2 C ¥)h H 
poly(oxyethylene) oleate and like poly(oxyethylene) alkyl esters 
or R— COOfCH-CHjO)^! 

R — COO(CHs — CH I O) n . l CH 2 CH 2 O0C — R, 
poly(oxyethylene) stearylamine and like poly(oxyethylene) alkylamines 
or R — NH(CH 2 CH.O) n H 

H(OCH 2 CH 2 ) n NR(CH 2 -^0) 03 H, 
poly(oxyethylene) laurylamide and like poly(oxyethylene) alkylamides 
or R-CONHC^CHjO^H 

HCOCH^H^NCCO-RXCH^O^H, 
15 P^oxyethylene^orbitane monolaurate and like poly(o^thylene)-sorbitane fatty acid 

H(CH 2 CH20) n 0H k CH /H0(CH 2 CH 2 0) n H 
I 

0(CH 2 CH 2 0) n H 

HO(OT 2 <^ 2 0) a ^CH 3 CHCH 2 0) b (CH 2 CH 2 0) c H 
?SL^ nd C ^ inte ^ ers «™« 1 (a+b+c) is 20 to 300, and of 

'Wnh, ,^(W)/(WV» 

■ H (WVW)/ 2 2 ^(W)x ra (W)y-H 

wherein x to i^" and y to y'" are integers of greater than 1 and the sum of x to y'" 
25 is 20 to 600 (Pluronic in a Registered Trade Mark). y 

Examples of the anionic surface active agents are: alkylmethyltaurites 3 alkyl- 
benzene sulfonates and alkylsulfates. 3 yi 

The coating composition thus obtained is, if necessary, mixed with 0.001 to 20, 

*n y a01 . t0 ^ % by weight > based on me wei S ht of Polymer, of a catalyst, such 

30 as tnfluoroacetic acid, paratoluenesulfonic acid, triethylenediamine, alurninium chlor- 

^ tm , r nde o r , hydrochloric acid and then applied, as shown in Fig. 2, to the 
surface 1 of an article, such as window-glass, automobile or aircraft windscreens, doors, 
mirrors, spectacle lenses, glass or plastics goggles or optical lenses, dried and cured 
at a temperature in the range of from 70 to 200°C for 5 minutes to 5 hours, preferably 
35 15 minutes to 3 hours to form a coating film 2. 

It is a preferred feature of the present invention that the CToss-linking density 
decreases from the surface towards the interior of the resinous article. 

For example a coating film, formed by a conventional coating, dipping or other suit- 
able techmques may be treated by initiating and promoting a cross linking reaction 
rrom the surface of the resinous layer towards the interior. This may be achieved bv ats 
e.g. infra red or ultra violet radiation or by momentarily heating the coated article 
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in an electric oven maintained at a high temperature. However, reproducibility of the 
results using these techniques is rather poor. 

Preferably, in accordance with the invention a coating film or other article e.g. 
a contact lens or similar moulding is formed by coating or casting the hydrophilic 
5 hygroscopic resin incorporated with at most one of the crosslinking agent and catalyst; 5 

thereafter the article is exposed to a solution or vapour containing the other or both 
of the catalyst and cross-linking agent, as mentioned above. Thus one of the catalyst or 
cross-linking agent may initially be uniformly distributed through the resin; both these 
two components may, however, be incorporated into the resin by contacting the 
10 moulded resin article with a solution or vapour containing them both. The cross u 
linking agent and/or the catalyst concentration will, accordingly decrease from the 
surface, towards the interior of the article, and hence, upon heat curing the degree of 
cross-linking will vary accordingly. 

Thus, resinous coating films produced in accordance with the present invention 
15 may combine a good non-fogging property and a very high surface hardness while 1 

exerting a high resiliency in the vicinity of the surface of a substrate due to the cross- 
unking density gradient declining from the surface towards the interior of the coating 
film. It is believed that the resilient bottom, portion of the coating film functions as an 
absorbing layer against stresses imposed to the surface to markedly enhance its abrasion 
20 resistance. 2 
On the other hand, in the cases in which the catalyst or cross-linking agent has 
uniformly and sufficiently penetrated into the resinous layer there is obtained a uni- 
formly cured resinous layer without a crosslinking density gradient. In these cases we 
have observed that not only is the hygroscopicity of the bottom portion impared 
25 markedly but also the surface hardness may not be sufficient because of the lower 2 

stress absorbing capacity of the bottom portion. 

Accordingly, in order to obtain a crosslinking density gradient suitable conditions 
of contact between the hygroscopic resinous layer with the solution or vapour con- 
taining the ingredients to be penetrated into the resinous layer have to be chosen 
30 appropriate for the particular combination of resinous layer and solution or vapour. 3 

For instance, a layer of a hygroscopic resin, 2-hydroxyethyl methacrylate polymer, 
coated on a glass sheet was, after being left in air for 30 minutes, soaked at 25 °C for 
1 or 10 minutes in an ethylene glycol monomethyi ether solution containing 0.5% 
by weight of hexamethoxy-methylolmelamine as crosslinking agent and 0.02% by 
35 weight of trifluoroacetic acid as catalyst and cured at 150°C for 30 minutes : cured 3 

film from the raw film soaked for 1 minute had excellent hygroscopicity and surface 
hardness while the cured film from the raw film soaked for 10 minutes had poor 
hygroscopicity and an unsatisfactory surface hardness. 

However, it is essential that both the crosslinking agent and catalyst are present 
40 also in the deepest part of the final product, Le. in the vicinity of a glass surface in 4 

case 'where a coating in applied to a glass surface, even though in slight amounts. For 
attaining this, a coating film is kept in contact with a solution or vapour containing 
a crosslinking agent and/or a catalyst until slight amounts of both reach there or both 
are previously incorporated in slight amounts in the coating resin. 
45 iThe concentration of crosslinking agent may be, in case of solution, usually 0.01 i 

to 20, preferably 0.1 to 5% by weight and, in case of vapour, usually 1 to 100, pre- 
ferably 10 to 80% by volume. The concentration of catalyst may be, in case of solu- 
tion usually OL01 to 5, preferably 0.05 to 2% by weight and, in case of vapour, usually 
0.1 to 50, preferably 1 to 20% by volume. The contact time, though varying depend- 
50 ing on the temperature, may be, in case of solution, usually 1 second to 5 minutes, 

preferably 5 seconds to 1 minute and, in case of vapour, usually 1 second to 10 
minutes, preferably 5 seconds to 3 minutes. 

In addition, the pot life of a hygroscopic resin solution used in the present inven- 
tion may be prolonged to a great extent. For instance, a hygroscopic resin solution is 
55 usually mixed with a cross-linking agent and/or a catalyst prior to application to sub- 

strates and, in this case, the pot life of the solution is usually 3 or 4 days and at most 
1 week even if stored in a dark cool place and used in a well conditioned atmosphere. 
Contrary to this, in the practice of the method of present invention, the resin solution 
may be stored 3 months or more without any deterioration if the resin solution is 
60 stored separately from the crosslinking agent and catalyst. 

Heat curing is usually carried out at 60 to 230, preferably 80 to 170°C for 5 
minutes to 5 hours, preferably 30 minutes to 2 hours. 

The present invention will be illustrated with respect to other embodiments 
thereof. 

65 We have also observed that by subjecting a hygroscopic coating fiTny having two 
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opposing properties, hygroscopidty and surface hardness, to a special treatment, both 
the properties are successfully enhanced. 

When a hygroscopic resin contains only small amounts of a crosslinking agent, 
there is a relationship as shown in Fig. 6 between the amount of crosslinking agent 
and the non-fogging property of the hygroscopic resin. In the Figure, the number on 
the sfcsossa indicates die % chemical equivalent based on the equivalent weight of 
—OH groups contained in the hygroscopic resin and, since the reaction between the 
resin and crosslinking agent is believed to be through the functional groups in the 
SSSS"^ f 8 ? 11 ^ ^- functi ? nal e rou P s > i-e. -OH groups, in the resin, it is 
expected that there is a linear relauonship between the absolute moisture regain of 
the resin . and the amount of added crosslinking agent if all the functional groups in 
the crosslinking agent react with the functional groups in the resin. 
u. .^ordinate represents as the non-fogging capacity per unit thickness die values 
obtained by forming a non-fogging coating film on a surface of a 3 mm thick sheet of 
15 glass and exposing the coated surface to a steam chamber while contacting the back 15 
surface with cooling water to determine the time until the non-fogging Iffect of the 
coating film disappears as indicated by development of water droplets on the coated 
surface and dividing the time by the thickness (3 to 30 microns) of the coating film, 
in the figure, the non-fogging capacities vs the amount added of a crosslinking agent, 
determined by fixing the temperature of steam at 39°C in the steam chamber and set- 20 
ting the temperature of the cooling water at 25°, 30° and 35°Q are plotted as 
curves A, B and C, respectively, and straight line D is an imaginary non-fogging 
capacity decay curve calculated on the basis of a reduction of the number of —OH 
Iw 1 !! m . % 168111 ^^Sh reaction with the crosslinking agent. It has been observed 
that the tendency as shown in the figure varies little with the kind of resin, cross- 25 
unking agent, substrate, curing conditions and other factors but is dependent on the 
change in properties the coating film itself created by the addition of varying amounts 
ot crosslinking agent The sudden decrease in non-fogging capacity over the decrease 
30 irS 0 " ° f <fr hydrophilic -OH groups in le nygLcofk ^ resin caused bj 
30 addition of the crosslinking agent is presumed to be attributable to the accelerative 30 
decrease m moisture absorbing rate on the surface and in the inside of the film 
caused by establishment of equilibrium between the quantity of water vapor reach- 
ing the surface of the film and the moisture absorbing rate on the surface and in the 
inside of the Ska. Accordingly, it is believed that the non-fogging capacity of a coating 
mm is not so reduced so long as moisture is easily movable within the film even if 35 
crossSng^gSt? 5 b6en hardened by ^corporation of a large amount of a 

In a preferred embodiment the film is contacted with moisture during, before and/ 
or after curing. ' 

Vt S ^xtiaB of £e coating film with moisture may be attained by soaking it 40 
yjfL" 8 su bst rate in cold or warm water, optionally, controlling the contact there- 
between by, e.g„ irradiation of ultrasonic vibrations. Alternately, it may be attained by 
contacting the coating film with steam and there may be adopted any other suitable 
means. For instance, a marked improvement in non-fogging capacity is attained within 
l day when a coating film is exposed to steam at temperatures above 90°Q it needs 45 
1 to 2 days at 70 to 80°C and 6 to 7 days at 40°C, but at temperatures below 30°C 
there is obtained little improvement On the other hand, when a crosslinked coating 
nlm is soaked in water at room temperature a treatment by ultrasonic waves for 2 to 3 
minutes is usually found to be sufficient and at 50°C the treatment for 1 to 2 minutes 
50 is usually sufficient. A satisfactory result is obtainable by contacting the coating film 50 

with superheated steam at 150°C for 30 minutes to effect crosslinking concurrently 
with moisture contact. J 
While the true reason or exact mechanism for such improvement in non-fogging 
capacity of a hygroscopic coating film brought about by the method of the present 
invention is uncertain, it is believed that when a hygroscopic resinous coating film is 
subjected to a crosslinking reaction after contact with moisture there are present in the 
fatal an organic solvent and water; during the curing step, first the low boiling organic 
solvent volatilizes from the coating film and then the high boiling water concurrently 
with advancement of the crosslinking reaction; the vapourizing water causes inter- 
60 action between water molecules and the hygroscopic functional groups, e.g. hydroxyl 

groups, contained in the polymer molecules constituting the hygroscopic resin so as to 
arrange the hydroxyl groups on the surface of the film. Thus, after completion of 
crosslinking reaction, numerous bydrophilic —OH groups capable of fastening-moisture 
are arranged in the surface of die coating film and, consequendy, enhance the non- 
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fogging capacity of the. film. On the other hand, it also is believed that, when a coat- 
ting film is contacted with moisture after crosslinking, a large quantity of moisture is 
introduced into the interior of the coating film and the repeated penetration and 
exhaustion of water molecules into and out of the inside of the coating film makes the 

5 mobility of water molecules in the coating film sufficiently high as to increase the 5 

moisture absorbing rate of the coating film and, consequently, enhance its non-fogging 
capacity. In the case where a coating film is subjected to contact with moisture during 
curing, both effects can be achieved. Developing this idea, it is to be expected that a 
similar result could be obtained by use of a polar solvent in place of water and, after 

10 many investigations using various alcohols as well as water; we have found that water 10 

gives the best result and alcohols give a fairly good result 

The contacting of a resinous coating film with moisture can be carried out using 
any process as mentioned above, e.g. by soaking in or exposing to cold or warm water 
or steam or otherwise contacting, optionally, accelerating the contact by means of, e.g. 

15 ultrasonic waves. When a coating film is soaked in cold or warm water, there occasion- 15 

ally remain water drops on the surface of the coating film because of the difference 
in surface tension between water and the coating film and this results in a rough, 
unsighdy surface. This may conveniendy be avoided by adding a trace of a surface 
active agent to the cold or warm water, usually in amounts of 0.001 to 2% bv weieht, 

20 preferably of 0.01 to 0.5% by weight. 20 

The surface active agent added to the water may be any of the nonionic, cationic, 
anionic and amphoteric surface active agents. Suitable nonionic surface active agents 
mclude: poly(oxyemylene) alkyl ethers, poly(oxyethylene) alkylaryl ethers, poly(oxy- 
ethylene) alkanoates, poly(oxyethylene) alkanamides, poly(oxyethylene) sorbitane, 

25 alkanoates, Pluronics and Tetronics; the anionic surface active agents include alkyl 25 

methyltaurites, alkylbenzenesulfonates, alkylsulfates and likes, and the cationic surface 
active agent includes higher fatty acid amine salts and quaternary ammonium salts. 

Average molecular weight of the resin used in the present invention is suitably 
5,000 to 1,000,000, preferably 30,000 to 200,000. The average molecular weight may 

30 be determined by using light scattering method measuring intrinsic viscosity [»] in 30 

dimethyl formamide solution at a temperature of 25 °C and calculating based on the 
following formula: 

M=a M° 



35 



^n r ^?x t 1 * £ ^a* 0 viscosity, a is a constant (=8.9 xlO- 5 ) and a is a constant 
C— 0.72). In the following Examples, the average molecular weights are determined by 
the above described light scattering method. 

In the following Examples, all parts and percentages are by weight unless other- 
wise designated. 
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Example 1 

40 An 18% ethylene glycol mono-methyl ether solution of a 2-hydroxyethyl meth- 

acrylate prepolymer having about 40,000 of average molecular weight, sold under the 
Registered Trade Mark "Hydron", was employed as a hygroscopic resin base and mixed 
with 15% chemical equivalent, based on the resin solid, of trimellitic acid and 15%, 
based on the resin solid, of poly(oxyethylene) nonylphenyl ether, sold under trade name 

45 "Emulgen 950" by Kao-Adas Co., Ltd., as a surface active agent. The composition 45 

was mixed with 1.0% of p-toluenesulfonic acid based on the resin solid as a catalyst 
and applied to a 100 mm x 100 mmx3 mm polycarbonate sheet, left in air for 30 
minutes to evaporate the solvent and then hot cured at 130 °C for 40 minutes to form 
a 10 microns thick hygroscopic resinous coating layer. A specimen A of the coating film 

50 and a specimen B of the same polycarbonate sheet uncoated were subjected to the 50 

abrasion test Noticeable scratches were formed on specimen A in 45 minutes, and on 
specimen B in 5 minutes. When expiration was directed to the specimen A and B, the 
latter was densely fogged and became opaque while the surface of the specimen A was 
not fogged at all. 

55 Example 2 55 

A 2-hydroxyethyl methacrylate prepolymer having about 40,000 of average mole- 
cular weight as a hygroscopic resin base was mixed with 10% chemical equivalent, 
based on the resin solid, of a partially methylated hexamemylolmelamine (sold 
under the Registered Trade Mark "Uformite") and 5%, based on the resin solid, of an 

60 alkyl methyltaurite (trade name "Liphoran L", sold by Lion Oils & Fats Co.) as a 60 

surface active agent, and then with 0.5% of trifluoroacetic acid based on the resin 
solid as a catalyst, The resinous coating was applied to a 100 mm X 100 mmx3 mm 
poly(methyl methacrylate) sheet, dried and subjected to curing at 100°C for 30 
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minutes to form thereon an hygroscopic resin layer approximately 8 microns thick, 
specimen C 

Another coating film of the same thickness, specimen D, was formed in the same 
procedure except of use of hexamethoxymethylol melamine (trade name "Cymehl 
5 303") in place of the Uformite as used in the preparation of the specimen C. 

Yet another coating film of the same thickness was formed by the same procedure 
except that pyromellitic anhydride of first reagent grade was used in place of Cymehl 
303 and employed a curing temperature of 130°Q specimen E, because of the some- 
what lower reactivity of the pyromellitic anhydride compared with those of the other 
10 two crosshnking agents. 

The three specimens and specimen F of the uncoated substrate acrylate sheet 
were subjected to the same performance test as in Example 1 to obtain the results as 
su mmar ized in the following Table 1. 

TABLE 1 

15 Specimen Abrasion Test Expiration Test 

C Slightly damaged in 30 minutes Fogged after short period 

D Slightly damaged in 40 minutes Not fogged at all 

E Slightly damaged in 60 minutes Not fogged at all 

F Markedly damaged in 1 minute Completely fogged 

20 As indicated by the above Table 1, the specimen C is somewhat inferior in non- 20 

fogging property because of use of Uformite having a self-condensing prooerty, and 
in hardness to specimens D and E presumably because of the plasticizing effect of the 
product resulting from the self-condensation of the crosshnking agent, while, on the 
other hand, the speciment D and E have excellent in non-fogging characteristics 

25 because of the inherent non-selfcondensing property of the crosslinking agents used 25 

in their preparation. The superiority in abrasion resistance of specimens E and D is 
believed to be attributable to the lower swellability of specimen E than specimen D 
upon the expiration test because, in specimen E, the benzene skeleton is separated from 
the crosslinking point by two atoms, Le. an oxygen atom and a carbon atom, while, in 

30 the specimen D, the triazine skeleton is separated from the crosslinking point by 3 30 

atoms, Le. an oxygen atom, a carbon atom and a nitrogen atom. 

Example 3 

A 50 mmx50 mmx3 mm sheet glass 1 was coated, as illustrated in Fig. 3, with 
an 18% ethylene glycol monomethyl ether solution of a hygroscopic resin, poly(2- 

35 hydroxyethyl methacrylate) having about 40,000 average molecular weight, mixed with 

5%, based on the solid resin, of hexamethoxymethylolmelainine and 10% of poly- 
oxyethyleneglycol ester of a fatty acid (trade name: Emanone, Kao Atlas Co., Ltd.) 
based on resin solid to form a resinous layer 2. The resinous coating layer was, after 
being dried at 25 °C for 30 minutes to evaporate the solvent, exposed for 10 seconds 

40 to a vapor of trifiuoroacetic acid as a catalyst, as illustrated in Fig. 4 wherein 

numeral 3 indicates a deposited layer of the catalyst and 4 indicates a region in which 
catalyst has diffused and penetrated into the resinous layer 2 of the catalyst. After 
being left in air at 25 °C for 30 minutes, the coating film on the sheet glass was heated 
at 130° C for 40 minutes in an electric oven to obtain an non-fogging coating film in a 

45 curing state as schematically shown in Fig. 5 wherein numeral 5 indicates the variable 4 £ 

crosshnking density gradually decreasing from the surface toward the substrate. 

Specimen H having a cross-section as shown in Fig. 3 was prepared by using an 
ethylene glycol monomethyl ether solution of a 2-hydroxyethyl methacrylate prepoly- 
mer mixed with 5% of hexamethoxymethylolmdamine and 10% of polyoxyethylene- 

50 glycol ester of a fatty acid (trade name: Emanone, Kao Atlas Co., Ltd.) based on 5( 

resin solid, further 0.1% of trifiuoroacetic acid as a catalyst, each % being based on 
the resin solid; applying the composition to a sheet glass and curing the resulting coat- 
ing film under the same curing conditions as were used to prepare specimen G. The 
specimens were subjected to determination of non-fogging property and surface hard- 

55 ness. The thickness of the coating film was about 8.5 microns in both the specimen G 5 fi 

and H. 

. The non-fogging property of the specimens was determined as follows: after 
having washed both specimens sufficiently with water, the coating film was exposed 
to water vapor at 37°C while chilling the reverse side of the sheet glass to 25°C by 
means of recirculating water; the time needed for the development of fogs was noted; 
the specimens were thereafter placed in a cold store at — 15°C for 10 minutes, then 
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left in a room maintained at 25 °C, 65% RH, and the time needed for disappearance 
of the fogs was noted. 

Hie surface hardness was determined by a test method in accordance with 
Japanese Industrial Standard (JIS) T 8147, Le, a fall-sand test in which 500 g of emery 

5 sand of 80 mesh size was dropped from a height of 62 cm onto the surface of the 5 

coating film and the film was then subjected to haze reading by means of a haze meter- 
Other examples of specimens G and H were subjected to the rotary abrasion test using 
a rotary disc having a diameter of 30 mm. The specimens were rotated on a turn table 
at 120 r.pjn. under a load of 1 Kg/cm 2 imposed thereto through a doubled gauze 

10 layed thereover. The time taken for the abrasion to impair the transparency of the film 10 
by scratches was noted. The results of the above 4 tests were as summarized in the 
following Table 2. 

TABLE 2 

Non-fogging property Surface hardness 

15 Specimen Time till Time till Fall-sand Abrasion 15 

fogged defogged haze test 

G 28 sec. 6 mins. 14.5% 70 mins. 

H 32 sec 7 mins. 32.0% 5 mins. 

Example 4 

20 An 18% solution in ethylene glycol monomethyl ether of 2-hydroxyethyl meth- 20 

acrylate -methyl methacrylate (95:5 molar ratio) copolymer having about 40,000 
average molecular weight incorporated with 8%, based on the resin solid, of pyro- 
melliric anhydride and 2% of dialkylsulfosuccinate (trade name: Lipal SA, Lion 
Yushi Kabushiki Kaisha based on the resin solid as an anionic surface active agent was 

25 applied to a 50 mmX50 mmX3 mm sheet glass and dried at 100 °C for 5 minutes 25 

for elimin ation of solvent. The glass sheet was then soaked for 30 seconds ba02% 
hydrochloric acid solution in ethylene glycol monomethyl ether, then dried in air for 
30 minutes and subjected to curing at 140 b C for 30 minutes in an electric oven to 
obtain a specimen I. 

30 On the other hand, the same coating solution, except that it was further mixed 30 

with 0.05%, based on the resin solid, of hydrochloric acid was applied to a glass sheet 
of the same dimensions and subjected to drying and curing under the same con- 
ditions without treatment in the catalyst solution to obtain specimen J. 

The specimen I and J thus prepared, both being a thickness of 9.2 microns, were 

35 subjected to non-fogging property and surface hardness deterrninations to obtain the 35 

results as summarized in the following Table 3. 

TABLE 3 

Non-fogging property Surface hardness 

Specimen Time till Time till Fall-sand Abrasion 

40 fogged defogged haze test 40 

I 33 sec 6.5 mins. 13.2% 80 mins. 

J 36 sec. 8 mins. 34.0% 5 mins. 

WHAT WE CLAIM IS:— 

1. A resinous coating composition forming a hygroscopic non-fogging coating film 
45 having a high surface hardness comprising a hygroscopic resin which is a polymer or 

co-polymer of at least one hydrophilic monomer chosen from hydroxy-lower alkyl 
acrylates, hydroxy-lower alkyl methacrylates, hydroxy-lower alkoxy lower alkyl acryl- 
ates and hydroxy lower alkoxy-lower alkyl methacrylates incorporated with (a) 5 to 
60% by weight, based on resin solid, of a surface active agent chosen from nonionic 

50 surface active agents of the polyoxyethylene type and anionic surface active agents and 

(b) 5 to 70 equivalent %, based on resin solid, of a crosslinking agent in which at 
least 80% of the functional groups are of the same kind and having a single- or con- 
densed- ring carbo- or heterocyclic skeleton, each ring being a 4- to 8-membered ring 
and the number of atoms forming the straight chain linkage between said skeleton 

55 and the reaction point of the hygroscopic resin with the crosslinking agent being at 

most 4 inclusive of the atom on said resin at the reaction point. 

2. A composition according to Claim 1, in which the surface active agent is 
incorporated in an amount of 15 to 40% by weight, based on the weight of the 
hygroscopic resin solid. 

60 3. A composition according to Claim 1 or Claim 2, in which the crosslinking 

agent is incorporated in an amount of 15 to 40% by equivalent weight based on the 
equivalent weight of the hygroscopic resin solid 
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4. A composition according to anyone of Claims 1 to 3, in which the hygroscopic 
resin is a polymer or copolymer of at least one monomer chosen from 2-hytoxy-ethyl 
acrylate and 2-hydroxy-methacrylate. 

5. A composition according to anyone of Claims 1 to 4, in which the cyclic 
skeleton of the crosslinking agent is a benzene ring, naphthalene ring, triazine ring, 5 
pyridine ring, quinoline ring, isoquinoline ring or imidazole ring. 

6. A composition according to anyone of Claims 1 to 5, in which the crosslink- 
ing agent is an aromatic polycarboxylic acid or its anhydride or chloride. 

7. A composition according to anyone of Claims 1 to 5, in which the crosslink- 
ing agent is chosen from hexaalkoxymethylol-melainines, and tetraalkoxymethylol- 10 
benzoguanamines and -acetoguanarnines. 

8. A resin composition, substantially as hereindescribed with reference to anyone 
of the Examples. J 

is v t. ^ h method °* coating a substrate with a hygroscopic non-fogging resin having a 
15 high surface hardness comprising coating the substrate with a film of a resinous coat- 15 
ing composition as denned in anyone of Claims 1 to 7 and then curing said film. 
_ . 10. A method according to Claim 9, in which the film is contacted with moisture, 
during, before and/or after curing. 

. 1L A method according to Claim 10, in which the moisture contains 0.001 to 
a* 2% by weight of surface active agent. 

. method according to Claim 10 or 11, in which the hygroscopic resin con- 

tains 0.001 to 20% by weight of a catalyst* 

. 13 * r A method of coating an article with a hygroscopic non-fogging resin having a 
high surface hardness substantially as herein described, with reference to anyone of the 
25 Examples. J 

14. An article having a high surface hardness comprising a substrate having there- 
on a cured coating film formed from a hygroscopic resinous composition as defined in 
anyone of Claims 1 to 7. 

15. An article coated with a cured coating film formed from a hygroscopic 
M resinous composition, substantially as hereindescribed with reference to anyone of the 

Examples. J 

16. A method of making a hygroscopic hydrophilic resinous article having a high 
surface hardness, which comprises : 

~c moulding a hygroscopic resin to a desired shape; the resin being a polymer or 

co-polymer of at least one hydrophilic monomer chosen from hydroxy-lower alkyl 
acrylates, hydroxy-lower alkyl methacrylates, hydroxy-lower alkoxy lower alkyl acryl- 
3 ? d tykoxy-fcwer alkoxy-lower alkyl methacrylates incorporated with (i) 5 to 
60/6 by weight, based on resin solid of a surface active agent chosen from non ionic 
surface active agents and possibly (ii) one component chosen from a catalyst and a 

4U cross linking agent as denned in Claim 1; 

b) contacting the surface of the moulded article with a solution or vapour con- 
taining both, or the other of, the catalyst and cross-linking agent until it or they pene- 
trate into the article and has or have a concentration therein gradually decreasing from 
the surface of the article towards the interior; at least the surface of the article result- 

ing from operation (b) containing cross-linking agent in an amount of 5 to 70% equi- 45 
valent based on the resin solid; and 

c) then heat curing the article 

17. A method according to Claim 16 in which the cross-linking agent is incor- 
porated m the resin to be moulded in an amount of 5 to 70 equivalent % based on the 

du resin solid. 

18. A method according to Claim 16 or 17, in which the moulded article is con- 
tacted with a solution containing 0.01 to 5% by weight of the catalyst. 

19. A method according to Claim 16 or 17, in which the moulded article is con- 
tacted with a vapour containing 0.1 to 50% by volume of catalyst. 

20. A method according to Claim 16 in which the catalyst is incorporated into the 55 
resin in an amount of 0.001 to 20% by weight based on the weight of polymer. 

21. A method according to Claim 16 or 20, in which the moulded article is 
contacted with a solution containing 0.01 to 20% by weight of cross-linking agent. 

, n J 2 - A method according to Claim 16 or 20 in which the moulded article is con- 

60 tacted with a vapour containing 1 to 100% by volume of cross-linking agent. 60 

23. A method according to anyone of Claims 16, 17, 18, 20 or 21 in which the 
moulded article is contacted with the solution for a period ranging from 1 second to 5 
minutes. 

24. A method according to anyone of Claims 16, 17, 19 or 22 in which the 
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moulded article is contacted with the vapour for a period ranging from 1 second to 10 
minutes. 

25. A method according to anyone of Claims 16 to 24, in which the catalyst is at 
least one compound chosen from trifluoro-acetic acid, p-toluene sulfonic acid, tri- 

5 ethylene diamine, aluminium chloride, tin chloride and hydrochloric acid. 5 

26. a hygroscopic resinous article produced by the method of anyone of Claims 
16 to 25. 
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